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VAR IABLES AFFECTING RADIATION—INDUCED PERFORMANC E DECREMENTS

INTRODUCTION

In the event of armed conflict, Air Force systems may be subjected to
environments resulting from the detonations of nuclear weapons . The capa-
bility of such systems to withstand exposure to these environments , without
loss of their mission completion capabilities , is termed “systems nuclear
survivability.” Air Force Regulation 80—38, Management of the Air Force
Survivability Program, 6 September 1973, and Air Force Systems Command
Supplement 1, 12 July 1974, establish policy for conducting the Air Force
nuclear survivability program.

Of the numerous systems in the inventory or in development , the manned
aircraft is germane to crew survivability/vulnerability (Sly ) analysis.
The crew represents a vital and potentially susceptible subsystem of the
manned aircraft, so a complete S/V analysis must include consideration of
the crew.

Detonation of nuclear weapons generates blast, thermal, X—ray ,
electromagnetic pulse, and nuclear—radiation environments. The aircraft
itself provides protection to the crew from the blast environment and
thermal curtains or shields with PLZT flashblindness/retinal burn protec-
tive window segments can be used to isolate crewmetnbers relatively easily
from the external thermal environment (3). Baum et al. (2) recently
reported that the electromagnetic pulse environment has little or no effect
upon crewmembers even after exposure to 108 pulses of electromagnetic
energy with amplitudes of 447,000 volts per meter. In the lower reaches
of the atmosphere, which is the operational regime of most manned systems,
X—rays produced during detonation are absorbed by the atmospheric gases in
relatively short distances and are of limited concern in crew S/V analysis.
Therefore, of the many components of the nuclear envir”rnment, nuclear
radiation is the most significant contributor to crew S/V effects.

The Aerospace Medical Division (in particular, the USAF School of
Aerospace Medicine) is responsible for providing support and guidance to
field commands, laboratories, and program offices on human operator per-
formance and biomedical aspects of system survivability/vulnerability.
In initial studies, Pickering et al. (13) investigated the effects of high—
dose—rate ganmia radiation on the behavior, physiology, biochemistry, and
pathology of the rhesus monkey. The present approach involves extensive
system—modeling techniques which include the human as a vital element.
Data are obtained from experiments using trained infrahuinan primates (the
rhesus monkey) performing in nuclear radiation environments. Interspecies
models are then used to generate extrapolative estimates of human response

1
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to nuclear radiation , by dose and time (Fig. 1), based on the monkey
data ( 14 ) .  These estimates are incorporated into system—level models
which are used to predict the effects of nuclear radiation upon the
manned system ’s performance.

DOSE -RAD EFFECTS ,DOSE VS TIME TIME -HRS

5000 COLLAPSE

2000 VOMIT SHOCK

800 NAUSEA DIARRHEA
VOMITING

400 ci.
NAUSEA VOMITING DISTRESS

200 TFATIGUE NAUSEA VOMITING 
—

LISTLESSNESS DISCOMFORT WEAKNESS ANOREXIA

Figure 1. The prodromal syndrome .

Experimental ly ,  the major  ob je ct ive  is to obtain information on the
emetic behavior and performance degradation exhibited by rhesus monkeys in
a protracted low—dose—rate nuclear  radiat ion envi ronment .  Also , emetic
behavior  and performance are compared between groups of ’ animals with dif-
ferent  levels and types of motivation while subjected to both identical
work requirements and ionizing—r adiation exposure prof’iles (rate and dose).
The emesis data are comp iled and combined wi th other data to support the
development of an analy t i ca l  model that  can be used to predict emetic
behavior of ’  rhesus monkeys (an d u l t i m a t e ly h u m a n s ) .

The task used i n thi s experime nt is a relatively simp le one in which
the anim al respond s to a ~tim u Ius , i.e. , depressing a lever when a red cuc
li ght is illuni i n: ted . Disc~ t~ e airc rew tasks (c.g., activating, fire—
suppress ion  subsys~.~ems in ?~C (V ~~)OTI5 (~ to a fire—warning ~.. i ght) woeld he s im i lar .

2
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EXPERIMENTAL METHODOLOGY AND EQUIPMENT

Experimental Parameters

To achieve similarity between experimental parameters and actual
operational parameters of an aircraft on a strategic mission, the mission
scenario, ionizing—dose accumulation during the mission, and crew workload
were realistically integrated.

Mission Scenario —— A hypothetical mission profile of a manned stra-
tegic bomber is presented in Figure 2. The takeoff and climbout phase of

• 1...._i....u......J’~
1_ __r.r____ _

~i
__.____ __r.ni PENETRAT ION

o CRUISE CRUISE

25 RAUS/M IN. 25 RADS/MIN.
100 RADS/HR.

10 RADS/HR. 
_ _ _ _ _ _ _ _ _ _ _ _

— 
-I

z
~~1

292 RADS
282 RADS

- 185 RA~j
115 RADS

_ I . !  1 1 1 1 1 1 1 1 1 1 1  h I  l i i i  1 1 1 1 1 1 1 1 1 1  I I I  I I I I L . . .

0 1 2 3 4 5 6 1 8 9 10 11 12
HOURS

Fi gure 2. Hypothetical miss ion and dose profiles.
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the mission require s approximately 30 minutes . The bomber then cruises
at optimum altitude and speed to conserve fuel during continental United
States (CON U S) exit. At 3 hours into the mission , the bomber refuels
from a tanker for approximately 30 minutes and then resumes cruise status .
About 9 hours into the mission , the bomber descends to approximately
500—ft altitude and begins penetration of hostile territory. The point
at which the last weapon is delivered on target is defined as the end of
the nuclear S/v mission and occurs 12 hours after takeoff.

Ionizing—Dose Accumulations During the Mission — To formulat e a
reasonable hypothesis for the spectra of ionizing radiation which the
bomber crew could encounter during the hypothetical mission scenario , we
must postulate nuclear threats to tiie bomber.  Because intercontinental
ballistic missiles (ICBM) are the most accurate of enemy missile systems
and most capable of large payload delivery , they would probably be tar-
geted against the hardened U.S .  missile silos (9 , 16) .  Bomber bases are
most apt to be targeted by submarine—launched bal l is t ic  missiles ( SLBM)
because of their more rapid f l i ght to their targets ( 9 ) .

It is assumed that our bombers , hav ing successf ul ly escaped their
base , could have momentari ly contacted the edge of a minutes—old nuclear
cloud from the detonation of a several—hundred-kiloton SLBM warhead and awould have been exposed to g amma radiation from decay ing fission products.
The dose accumulated by crews of surviving aircraft grazing the early
nuclear cloud is estimated to be about 50 rads (t issue) .

During CONUS exit, the bomber could encounter other airborne radio-
active dust clouds from multi ple megaton—class detonations resulting from
a massive attack upon U.S. missile fields.b For this mission , it is
hypothesized that the bomber would accumulate about 65 rads (tissue) over
a 20-to 30—minut e period from decaying fission products in the cloud . It
is also assumed that the bomber cockp it is supp lied wi th unfiltered air
via its environment—control system. Therefore , some of the airborne radio-
active material could be trapped in the cockpit and be a take—along source
of crew ionizing dose for the remainder of the mission. For the experi-
ment, this take—along dose is ipothesized to be about 10 rads (tissue)/hr.

Also, during the penetration phase of the mission , the bomber could
be subjected to nuclear radiation environments as a result of hostile
actions from air—to—air or surface—to—air missiles with low—yield nuclear
warheads, as a result of encountering radioactive dust clouds from collat-
eral detonation, and as a result of damage—assessment surveys c-f previously
attacked targets (ii , 12). The dose accumulated during penetration is

aDose estimated using the new code. FIREFLY , developed by the Air
Force Weapons Laboratory (10).

bDose estimated using techniques presented by Patrick et al. (11).

4 
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assumed to be a 3—minute exposure of about 75 rad s (t i s sue) .  The above
considerations resulted in the ionizing—dose profile (Fig. 2) used in the
experiment and is not meant to replicate any specific manned system .

Crew Workload —— The various states of crew activity during different
mission phases were simulated by varying the task frequency. During takeoff
and climbout, refueling, and penetration , the frequency of stimu~us presen-
tation was twice that during cruise. hi s vari~ tion in task freq e~~~ ,
depicted in Figure 2, simulates increased workload generally experienced by
crews during critical mission phases.

Subjects

Fifteen male rhesus monkeys (Macaca mulatt~j), wei ghing between 2 . 9 5
and 4 .32 kg, were randomly select ed and divided into two groups trained to
~ress a lever when a visual st imulus (a red l ight ) wa.~ ~~~ sented . Seven
animals were reinforced with a food pellet (s+ group ) upon each correct
response. (These food subjects were fed on nontest days iro order ~o mai :~—
ta i r~ approximately 90% of original body weight plus a small al~~o~~~ r c e  (‘ or
growth.) The remaining 8 animals (S— group) received a mild sho~~ for
failure to respond correctly .

Training — Each subject was trained individually unti l  performance
on the task was sufficientiy stable for training to continue by automated
programming equi pment (7). Each subject was then placed in the training
unit each work day for approx imately 1 flour. Training sessions were
oradually lengthened to duplicate the exact schedule to be exercised during
f inal  baseline and exposure conditions . ( See Fi g. 2 . )  The final per form-
ance profiles included four consecutive sessions : session 1 lasted 3 hours ;
sessions 2 and 3 lasted 2 hours 40 minutes ; and session 4 lasted 3 hours 40
minutes. There was a 20—minute rest period -between sessions . The s t imulus
present at io n f requency of each session was not cons ta nt . In sessions 1 and
2 , an ave rage 2 0—minut e interval consisted of 37 st imul i ;  whereas a similar
interval  i n session 3 averaged 30 presentations , and in session 4 averaged
60 presentations. Session 1 simulated the takeoff, climb , and crui se phases
of the pro f i l e ;  session 2 , the re fueling and cruise activities; and sesston
3, the low—level cruise activity. The greatest activity rates were in
session 4——to coincide with the penetration phase of the hypothetical
mission.

Diet  Control:

(a) Avoidance (Shock) Group — Four percent of body weight was cal-
culated , and the animals were fed 1/3 of this amount for each of three
daily feeding periods. The last daily portion was replaced with 1/2 apple
on Tuesday and Thursday .

5
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(b )  Appetitive (Food ) Gr~~p — These subjects were fed only during
task performance for working days with the exception of their receiving
1/2 apple per week. Variable amounts of monkey chow were available to

• these subjects on nonworking days. Body weight was monitored each day to
insure adequate nutrition and was maintained to approximately 85%—90% of
prestudy weight, except for a small projected growth increase.

Feeding and work schedules are listed in Table ~.. Diet: Purina
Monkey Chow , 5—gm nonmedicated biscuits, and app les.

TABLE 1. FEEDING AN~ WORK SCHEDULI’

Schedule for subjects in holding cages:

Li ghts on  _———————— 0700
Feed shock subjects 0720 , 1200 , 1600
Feed food subjects ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0720 , 1200 , 1600a

Lights off  —————--————————————————————-—— 1800

Baseline and exposure schedule for subjects on testing days:

Lig hts on ————— ————————— —————————— ——— 0700
Feed ( shock subjects only) not later than ——————— 0720
Move subjects for testing —— —— 0745
Subjects in position to begin testing session — 0800
Start baseline/exposure session ————— —— 0800
End session —————— ———— 2100
Return subjects to holding cage 2200 -

a
var

i bl amounts of food to insure adequate nutrition and weight
maintenance.

Equipment and Tasks

The apparatus consisted of a panel with a single lever and associated
cue light. The subject was required to press the lever within 1 second
after the li ght came on.

6
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ERS Program — The experiment was controlled by Tech Serv Inc.’s
Behavioral Research Systems (BRS) solid state modules which randomly
activated the stimulus according to mean presentation rates (V1 1 = 20 see,
V12 = 40 sec).° BRS logic also controlled the duration of the stimulus
and the presentation or withholding of food and shock rewards . Data were
accumulated on and recorded from BRS counters. Figure 3 contains a flow
diagram of this  BRS system.

Emesis Recording —— The entire radiation—exposure period was recorded
on video tape so that the emet ic episodes were available for later quanti-
fication. An emetic episode was defined as a series of three or more
reflexive movements consisting of coordinated mouth opening, opisthotonos,
and maximal abdominal musculature contraction (5).

Appetitive Task — Food availability was signaled on a dual—rate
variable—interval schedule (v11 20 sec, V12 = 40 sec)C by the presenta-
tion of the cue light, which remained lit for 1 second . If the subject
pressed the lever within this time, a 97—mg Noyes banana—flavored fc~~!
pellet was delivered immediately. If the subject failed to respond, he
did not receive a pellet and had to wait until the next presentation of
the cue light. Pressing the lever in the absence of the cue light
resulted in a 25—second period in which scheduled lights were suppressed .
In 20—minut e periods , data were recorded in the form of ( a )  food—reinforced
responses, (b) failures to respond, and (c) response latencies.

Avoidance Task — The cue light was presented on a similar dual—rate
variable—interval schedule (V1 1 20 sec , V~2 = 40 see) wi th  a limited hold
of 1 second. The sLbject could terminate the cue li ght and avoid a shock
by pressing the response lever, in which case the response was recorded as
1 successful avoidance response. Failure to respond within 1 second
resulted in a 0.2—second shock administered through foot shock plates .
Response latencies were accumulated for each 20—minute epoch, and failures
to respond were recorded . Responding in the absence of the cue light
resulted in an immediate shock (0.1—sec durati on) .  Shock level was
assessed for each subject to be mildly aversive in sustaining avoidance
responding under normal daily conditions (approximately 4 mA). Shock
levels did not disrupt performance and did not harm the animals.

C~~11 presentation range was once per 5 to 35 seconds , with a mean
V of’ 20 seconds ; V12 range was once per 10 to 70 seconds, with a mean of

40 seconds.

7
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An accumulated total dose 01 292 rads  was p rogra~~~ed .  (See F i g .  2
dose profile.) The SAM/RZ 9000 curie AECL cobalt—6O facility was chosen
for this study because of the high dose rate available for “pu l sed ’
exposures and the low dose rate for cruise.

The initial stage of the dosimetry procedure involved determining
the free air exposure rates in roenttens/irnit time necessary to deliver
the required midline dose rates in rads/unit time . Using a rad—to—
roentgen conversion factor of 0.95 and an approximate attenuation factor
of 0.90 for midline dose (based on clinical depth dose duca) , exposure
r~ :es of approximatel y 115 and 11.5 R/hr were required to deliver 100

~nd 10.5 rads/hr midline , respectivcJv. At the maximum possible exposurt
distance from the unatt enuated source , 5.5 meters , the u~~ e rate wasappr oximately 275 R/hr ; the refore , it was necessary tc resort to lead
attenuators to reduce the rate to the desired levels. Measurements with
NKn—calibrated condenser R—Chambers and vary ins’ thicknesses of ead
attenuation established that the desired exposure rates of 115 and 11.5
R/hr could be achi eved at 5.5 meters from the source by ~~ ing 0 .5  ~~~
2.06 inches (1.3 and 5.2 cm) of lead attenuat ~on , respe ct iv e~~~.

The p hysical  size of the aidmal  performance booths arc the requi~~’-
ment to expose 2 animal s simult an eouo4 y res t r ic ted  the minimum exposure
distance to about 2 meters ;  corr esponding  to an e Yp ’ J S UF U  close rate 01
33.5 R/ m in .  This was equivalent to a midli ne rate uL about 28.5 rad~
mm , us ing the conversion fac tors  l i s ted above.

The nex t  phase ~nvo 1v ed measurements  in Alu erson  t i s s u e — e q u i v a l e n t
primate aha ro toms  to establish the midline dose rate (Table 2 ) .  The
j)r~matc- phantoms are constructed from an actual primate skeleton wi th
Ald u rson Rando p la. . t i c  which is tissue—equivalent to gamm a rays.  The
~~ :~~~~

V V ; I C O 1  s ize of the phantom corresponds close ly  to the pr imates  used in
t h :~ o expe r imen t.  The phantoms are cros s sec tioned into eight segment s,
wi to holes d r il l e d  into  each segment for i n se r t ion  of dosim et ers
(F i g. 4 ) .  F i gure 5 shows a cross section corresponding to the midepi—
~ast r ic  reg ion.  Dosirnetr ic  measurements  were mad e in t h e  cross s e c tI o n s
~orrc~ pnrci ing to the head , midep igast ric , and l ower abdominal reg ions of
the an o i- o j s  for each of the required exposure confi gurat ions . The over—
Oi l midline dose rate was determ ined at each position from the average
of the m i d l i n e  doses obtained from all three sections . The phantoms
were exposed in the sane manner as were the exper imenta l  animal s , seated
LU alum~nun chairs inside the actual animal performance booth .

The m i d l i n e  dose is selected as the dos imet r ic  point of reference
because i t  has been found under whole—body exposur e condit ions to yield
.t close approximation to the overal l average cross—sectional don 1 , upon
which the b i o l o g ic a l  effect is be l ieved  to pr imar i ly depend . This

~or r cla t ion  between average dose and midlin e dose is i l l u st r a t ed  in
Table 2 where the d o s i m e tr i e  resul ts  from cross section 6 are tabula ted9



TABLE 2. DOSES MEASURED IN MIDEPIGASTRIC SECTION ( SEC 6) OF ALDERSON
PRIMAT E PHANTOM FOR EACH EXPERIMENTAL EXPOSUR E CONFIGURATION

Dosimeter Configuration I Configuration II Configuration III
site 3—mm exposure 38—mm exposure 3—hr exposure

( rads) ( rads) ( rads)

Anterior 65 49 24
1 68 49 24
2 72 54 25
3 77 57 26
4 (mid position) 86——28 .7  rads/min 63——99 rads/hr  29——9.7  rads/hr
5 93 65 31
6 96 68 32
7 88 62 30
8 86 60 28
9 85 60 28

10 84 60 28
11 —— 62 29
Posterior 99 70 31
Ri ght side 96 69 32
Left  side 96 87 30

Cross—sect ional  av: 8 5 — — 2 8 . .~ rads/min 6 2 — — 9 7 . 9  rads/hr 28—9.3 rads/hr

for each of the exposur e configurations used in this experiment. Note that
the average cross—sectional dose agrees quite well with the midline dose for
all three confi gurations .

Type 700 LiF thermoluminescent dosimeter ( TLD ) powder encapsulated in
polyethylene tubing was used in the phantom measurements.  The dose response
of this material was determined by comparison to known coba lt—6O doses
delivered on the AECL cobalt—60 source. This source has been calibrated
with NBS—calibrated 3—terminal guard—ring chambers and condenser R—Chambers .
The LiF powder was read out on a Harshaw Model 2000 TLD reader. Approxi-
mately five readings were obtained from each dosimeter site. Based on the
results of these measurements, the midline dose rates were established at
each exposure configuration (Table 3). These dose rates compare favorably
with the target dose rates given in Figure 2.

Thermoluminescent dosimeters and R—Chaxribers were also exposed simul-
taneously with the phantoms in each configuration so that correlation
factors with the measured midline doses could be obtained and used in
monitoring the subsequent animal exposures . The TLD monitors were placed
on the backs of the aluminum animal chairs. The R—Chamber monitors were
posi tioned between the r imat e  perfo r~rance too ths .
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TAB LE 3. SUT~v1ARY OF EXPOSURE CONFIGURATIONS

Confi guration Distance Lead Measured a In air
(meters) attenuation midline exposure

dose rate rate

I 2 .0  none 27 .6  rads/min 33.5 R/mi n
II 5.5 0 .5 in Pb 97.5 rads/hr 115 R/hrV (1.3 cm)

III  5.5 2 .06 in Pb 9.9  rads/hr 11.5 R/hr
( 5 . 2  cm)

aAverage of midline dose measured in head , midep igastric , and lower
abdominal sections of Alderson primate phantoms. These dose rates closely
approximate the target  dose rates given in Fi gure 2.

Figure 6 i l lustrates the exposure confi gurati ons used in the ani~o’al
V i rradiat ion.  The animals were exposed whole body ,  poster ior—anterior .

while  seated in a luminum chairs inside of the performance booths. At 1
hour into the experiment , they were exposed to the unatt enuat ed bean f or
2 minutes at 27 . 6 rads/min midl ine . They were then moved back to 5.5
meters, and 0.5 inch (1.3 cm) of lead attenuator was p laced in front of
the source. Then at 2 hours into the run , they were exposed to approxi-
mately 62 rads at 97.5 rads/hr. Upon terminat ion of this phase , a 2.05—
inch (5.2 cm ) lead attenuator was placed in beam and the 9.9 rad/hr
( m id l i ne) ~xpo:;ure was begun . This continued until the 10th hour of the
experim ent , at which time th e animal s were again posi t ioned at 2 meters
and exposed for 3 minutes to the unattenuated beam . The 2.06—inch (5.2 cm)
lead a t tenuator  was then  reposit ioned , the an ima l s  moved back again to 5 .5
Toa tc rs , and the 9. 9—rads/hr exposure resumed u n t i l  the 13th hour of the
experiment——when the experimental run was terminated. Changeover time
from one conf i gurat ion to another took about 2 minu tes .  Five changeovers
were required , for a total time of 10 ninutes. The effect of changeover
tV k m e  on t he  to ta l  dose is considered neg’igibl e. The cumulative dose as
a f u n c t i o n  of elapsed experimental time is shown in Figure  7.

Based on the measured dose—rate values , the total programmed dose
wan 303 rads. This dose compares favorably with the target dose of 292
rads. A summary of the p rimat e exposures is given in Table 4; the results
of the monitor  dosimeters are inc l uded and indicate  that all of the
an m u l s  were exposed to w i th in  ÷ 6% of the programmed val ues.
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TABLE 4. SUMMARY OF AN I MAL IRRADIATION AND DOSIMETRY RESULTS a

Animal Date of TLD R—Chamber
No. irradiation dose dose

(rads) (rads)

446 30 Sep 75 304 313
468 1 Oct 75 319 307
134C 2 Oct 75 300 305
454 3 Oct 75 316 313
130 6 Oct 75 308 312
418 8 Oct 75 

V 

307 307
410 8 Oct 75 307 307
504 9 Dec 75 lost 304

50C 9 Dec 75 312 304
92 10 Dec 75 293 307

460 10 Dec 75 319 307
424 11 Dec 75 299 318
490 11 Dec 73  286 318
540 12 Dec 75 286 306

54 12 Dec 75 299 306

aprogran doses of 303 rads (F i g. 7) closely approximate the
target dose of 292 rads (tissue) given in Figure 2.

RESULTS

Performance (percent correct response) and reaction—time scores
(for correct responses only) were measured regularly at 20—minute inter-
vals for each subject. Given our small sample size, we decided to
collect data from five successive baselines in order to provide a standard
with which one exposure and two postexposure runs could be compared . All
runs were separated by 2—day in tervals .  The experimental data were
analyzed on two levels. The f i rs t  entailed examining individual animal
effects.  The second involved treating food and shock groups as two dis-
tinct populations so that exposure and postexposure behavior could be
compared with baseline behavior on a session—by—session basis.

Simultaneous tolerance limits studied by Rahe (15) were used to
define bands of normal behavior for baseline reaction—time scores. That
is, linear regression models were used to fit the five preexposure base-
lines, arid 95% simultaneous confidence intervals were constructed for
this model so that it contained 95% of the population of baseline reaction—
time scores. Appendix A summarizes these findings pictorially by subject.
A total of 3 of 7 food (anima~s 50, ~~~~~ , 424 )  and 3 of 8 shock (animals
134 , 446 , 454) subj cctc CXh.I .~~~~

V
t e d  L e a y ed m eac~ i - ~ t m’es 

~
y t~r is  cr~ te~’iofl.

.
~~



Page ’s distribution free test (8) for ordered alternatives indicated
no reacti on—time baseline trend for these 3 shock animals. For the 3 fooa
animals , however, the test indicated a baseline trend towards shorter
reaction times.’~ We find it significant to note that exposure—day reaction
times reversed this trend in these food animals.

Using the maximum deviation between exponure reaet~ on ti me and ~~~• reaction times defined by the regression model as “normal” benavior ,
monkeys No.  454 ( shock) and No. 50 (food ) had the greatest changt
reaction time s of all subjects in their respective groups. By t i e  sam e
~r :ter ion , No.  -454 took up to 0.26 second longer to respond while No. SC’
t n u c  up to 0.46 second longer. We also note that o n l y  No.  454 exhib i tec
~~~~er—than—normal reaction times on both postexposur es. However , m~~r -seys
No. 446 (shock) and No. 410 (food) showed ionger—than—norma~ reaction
t~ mes on the second postexposure. The remaining 4 of 7 food animals
(N s .  130, 418 , 460 , 540) were too variable to make decisions concerning
their reaction times , as was the case in 1 (No. 490) of the rena~ring 5
~l’ u~~~ animals. The other 4 shock subjects (Nos. 92, 54 , 468 , 5O4 i ndi—
cated normal reaction times based upon this criterion. When there i: a
detec table  react ion—time delay , it appears to take place for an entire
session for the shoc k group ; whereas a delay in the food group is O~

?

longer duration , but occurs more sporadically .

Performance effects were also examined on a by—subject basis .  A
pictorial summary of shock performance scores is given in Appendix B.
i w o  of 8 shock animal s (N o s .  454, 468) indicated lower and more variable
performance scores duri ’~g the exposure and f i rs t  postexposure periods ;
:.~~~. 468 achieved a new minimum performa nc e score of 48% . The increased
var iab i l i ty  and negative trend in N o.  468’ s fi ft h baseline was a t t ribu tab~~eto the presence of maintenance pe~’sonne1 in the t ra in ing room which d is—

r~tr t ed  the subject dur ing this  baseline .

The food animals  were not as highly motivated as the shock subjects .
T eir baselines were highly variable from day to day and seldom exhibited
c iear— cut  strategy in animal behavior .- N evertheless , radiation effects
in the form of work cessation were readily apparent (Appendix C )  in 2 of
7 food monkeys ( N o s .  50 , 410) .  In the consistency of baseline score s ,
\~~. 41”) most closely resembled the shock subjects. His unusual behavior
coring the first baseline was at tr ibuted to a malfunctioning feeder-.—
;erce , the decline in his performance. Neglecting this baseline , his

~ V~~ V~~3L performance score in the remaining four baselines was in the 90’s,

d
Confidence  l imi ts  for f ood animals were constructed the sam e way as

confidence l imi t s  for shock animals. The existence of a baseline trend in
food animals makes it di f f icul t  to separate this effect from the error
variance. - Our results are conservative compared to an analysis based only
on limits constructed for the last baseline.
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with one 44% minimum performance score of 20—minute duration. In contrast ,
he had zero performance for 2 hours 40 minutes during exposure ; for 5 hours
40 minutes during the f i rs t  postexposure period ; and for 9 hours 40 min-
utes during the second postexposure period. Food monkey No. 50 exhibited
far less consistent bmseline behavior. He does , however , suggest a will—

• ingness to perfo rm prior to exposure. In contrast , his exposure day is
represented by 4 hours 40 minutes of zero performarec and a total  of 8
hours of less than 10% performance , followed by a recovery in performance
du ring the two postexposure periods.

The basic data (Appendix D) were smoothed in order to examine popu—
1a~ ion effects  among all food and all shock subjects.  This was done by
examining:

1. A single measure of session performance and of reaction time
for each group. (Performance was the number of correct responses in
session i divided by the number of trials in session i~ . A similar meas-
ure was used for session reaction time ; that is, it  was computed over
session i for the correct responses.)

2. The consistency of performance and reaction scores via session
• standard deviations of the 20—minute scores.

3. Worst cases; i.e., iiinimuin 20—minute performance or maximum
20—minute reaction session scores.

4. Fatigue or improvement trends via slopes of least—square
regression lines fitted to 20—minute scores.

5. Initial session scores via adjusted intercepts of regression
li nes fitted to 20—minut e scores.

Friedman rank sums were composed on these scores for each group on
a session basis (8). When Friedman ’ s test indicated significance at the
a = .05 level , exposure runs were contrasted with baseline and post—
exposure runs at the a = .05 level by a multiple comparison procedur e
developed by Dunnett (4). Table 5 summarizes signi~’icant findings by
session and group for each of these variables .

The study attempted to control S— food intake prior to and during
exposure since time after feeding is important. Emetic ep isodes were
experienced by 4 of 7 f’od sub~ects , in contrast to 1 of 8 shock subjects.
Most emetic episodes occurred ir sub~jects that responded early, su~ ror t ing
the hypothesis of individual susceptibility——the earl ier the onset of
nausea and vomiting, the more sever e the syndrome m ay be ( 6 ) .  Table 6
summarizes the details of these episod~

V
~~. Comparison of the data was not

attempted owing to the small sample size of each group . The continual
presence of food for the S+ group likely accounted for their excessive
emetic responses relative to the S— ~roun. We note that animals ~4O (food )
and 134 (shock) had sho~’~ r’ - emetic en~ ’icd es than did ~ nuclear  a~ed e~ t
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V I c t i m s  in the 236—365—rad partial—bod y dose range i-c~ orted h~\ /Ve l lmc! -
( 1 8) ;  they a l so  had considerabl y later  onset t in e s  than did the accide i
vic tims. The other animals appear to agree with the cases g i v e n  by Z e i lm e r .
As noted by Warren and Bowers (17), radiation sensitivity varies consi der—
ably between species as well as within species.

C0NCL U~ 10NS

Low leve l s of gamma radiation can impair ierforr: incc . While of 7

~ood anim a ls  ceased performance completely ,  on ly  I or  8 shoc1~ an i m a l s  had
m i n I m u m  per i c. rmance score as low as 48%. V fl rer ;aI rlins shock animals

showed no operatio~ a1 Ly .si gn i  f i c a n t  per formance  e f f ue ’ s. Uadiati of S e r n ~
te  affect the shock group ’s perf ormance dur ing th e simu la t ed per~ctrution
and last—cruise phases of the hypothe t ica l  crew work schedu le , a f t e r
accumulati on of about 190 rad 5, rath er than dur ing  e a r l i e r  phases.  In
contrast , th e food group appears to cease performance after accumulation
of 117 rads , where refuelini~ and later tasks of the ( Vr e w  work schedule
could be operatiunally affected . Our interpretation of these performance
differences between the two groups is that negatively reinforced (sL ’~’h ~
subjec ts pr ovide the  most  s t ab l e  performance b a s cl i n e s  for tile p r o f i l e
given in Fi gure 2. The re in forcement  cont in; tncy ( mo t i v a t i o n ) for tn t
food group p e r m i t s  a n o r - e x t e r n a l — t h r e a t  type stress that allows the SUb J 1V

~ t
a wide latitude of respons e behavior  (whether  to respond at all , how fast
to respond for a per i od of t ime , and whether or not to eat available food
before responding again). Shock subjects do not have such flexibility .
Their motivati~rn is quite different ; th ey “must” respond wit h in 1 second
ox else experience unpleasant shock. Their reaction time s and variability
in t.ieir performanc e accuracy were significantly diminished during bo th
t ra i  ni r~g and b a s e l i n e  condi ti ons. The shock group tiot onl~ maintained
gr ca ter  f requency of responding , they also showed the e f f e c t s  of r~id iat ion
and/or fatigue l ater in the m i s s i o n . On the other hand , the opt iona l
na ture  of the reinforcement contingency, coupled with the effects of
nausea and emesis for the food group (with its continual availability of
th od ) , created performanc e deterioration much earlier in time .

Low levels of gamm a radiation can cause an increase in reaction
time . Reaction delays in the shock group appear to OCCU !’ for ‘V ’r I t i r e
sessions , wher eas delay : -~ in the food group are sporad i but of longe r
duration. Motivation may account for these d i f f e r ences .  Based upon
reaction—time comparinons with the regression model , th e sl owest animal
in the shock group took approximately 0.26 second longer than nor~na l to
respond to a cue, whil e the slowes L animal in the food group took approx-
i m a t e l y 0.46 second longer. For the shock group, reaction times Vipr (.ar

to be more sensi t ive  to radia t ion than performance scores. Because they
were avoidi ng shock , their response accuracy was usually near 10O°~ for
preexposure b a s e l i n e s , and the i r  associated reaction times were general ly
shorter t han  those  of the food subjects. The shock subjects , therefore ,
could take longer  to respond and s t i l l  m a i n t a i n  almost 100% accuracy
scores. The i r  shorter and less va r iab le  reaction times enhanc ed the
p r o b a b i l i t y  of f i n d i n g  s t a t i s t i ca l ly  si gn i f i can t  exposure t imes for the
shock group .
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Reinforcement cont ingency is a crucial factor in assessing perform-
ance decrements attributed to low doses of radiation. Highly motivated
( shocked ) subjects can perfo rm their task more easily in this environment.
Diet and/or motivation plays an important role in affect ing emetic
responses in low—dose environments. The greater the amount or more recent
the food intake , the greater the chance for productive emesis. The food
subject s ingest ed food pellets  unti l  retching occurred , and often would
even take a pellet after the onset of retching . Emesis by 4 of 7 food
subjects and by only 1 of 8 shock subjects supports the food/emesis
hypothesis. Shock monkeys were fed their normal portion of biscuits ,
which would have been mostly di gested before 125 rads had been accumu-
lated (4 hours into the mission).

Table 7 indicates animals showing apparent radiation effects on
reaction time , perf ormance , and emesis. Note that perform ance and
reaction—time cffccts need not coincide; i.e., one can occur in the
absence of the other. Baseline behavior was too variable for monkeys
Nos. 130, 460, and 540 to determine clear—cut reaction and performance
effects.

TABLE 7. RADIATION EFFECTS

Subject
N o .  Em esis Performance Reaction time

Shock

134 + +
446 +

454 + +
468 +

Food

50 + + +

410 + +
424 +

130 +

460 +

540 +

+ = radiation effect
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A t  V~ U . igu c  V ~~li~C I~eg~~ k t~~~t Ci~~cc~~ L~~ t L x yu  the  aays loll us i r i g
e X p o S I i L C .  No cifleSis occurren for any subject aIV t e ! V  removal f r o m  the
exp o su r t  cell. The animals were closel y monitored to detect ari~ Vomi tus
on their fur, p a r t i c u l a r ly around the face , and t h e  cage fVloor area w a s
examined .

When removed fr om the test s i t u a t i o n , more t h in ha l f  of the sub j e c t s
~~~~~~~~~~~~~~~~~~~~ m i l d  bu t  no t iceab le  f a c i a l  erythema.  A l l  s u b/ e c ts  con t i nued  to
dr ink  V a t  cr , but a wide range of consumption was apparent. Some subject s
w& ulu m t  eat  a monkey b iscui t  i mis ed ia te l y ,  but a l l  of then r e a d i l y
u. cepted  and irnm ed i ;im e l v  consumed arty type of fresh i - u t .  As no te d

e a r l i e r , some fooi  sub j e c t s  con t inued  to p e r f o r m  poor ly d u r i n g  the  two
j)OstCXi)(;suf c ru t s;

p j V  the V t t O t  7 )  food subjec ts  e x p e r i en c i n g  eni -SL S , none had Or ; epi-
sode during a period when the l ight was l i t .  the I shuck - -it~~ect wi th
product ive emesis  con t inued  to work (as rccot’dcd on v ideo  t a p e )  w i t h  no
v is i b l e  response degradation . D u r in g  the  pec od ~1 r i  ch in g a; V r n e sj S ,
U n i V  c n i e  trial wa~ m i s s e d — — t o t a l l y cons is ten t  w i t h  t h c -  sub jec t  ‘ s pr’e’~ ~ous
sork record . The subjec t  obviousl y exper ienced  d i s c o m f or t  and ~n cu i  y e s—
ience  in  a t t e mp t i ng  t o  c o n t i n u e  to work the task (w h i c h  wa s a hi gh p
Lotion Iatt at that point)

The need to predic t  man ’ s ab i l i t y  to f u n c t i o n  in a n u c l e ar  r a u a tion
c-nv ! ronment i ~ i mp o r t  an t: to g i anit ers and commanders . C r c d i h il i  t y  of th~
mann ed  por t ion  of the TT~lAJ  of s t ra teg ic forces  is co~ ti aguti t upon
accura te  nuclear vulnerability and survivability assessments t i). ,‘t 12—
so u r . 300— rad panni s ~~ lot ion t y ~~e Inc -nt u s i ng  t r a t  nod rhesus moni2c::s
rc~stl L I d  in s t a t i st  c a l  i g si g n i f i c a n t  r ad iat  ion l i f t  cts  on t h e i r  per —

f - m m a r i c e .  D i r ec t  t X L I V  p o L a t i  on of performance decrements  in  these an ima l s
cc; f o r m ; n g  rd ;i~ 1VC~ s i  m n i c  ta sh;;  to human ai rc rew members  p e r f o r m i n g
er ’ i’nuusly in ure cumpie x ta-a-s-~ is d i f f ic u l t .  However , these resul ts
trosgi\’ si~pge:t that some dci e t c - r u  )u ; - e f fec t s  would occur .
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PICTOHLAL REACTION—TIME SLM~ AX

Linear regression models arc fitted to  f i ve  t r ’ l ex’misure base lines

(squares). We present 95% simultaneous c t r t f t d ’ t ; t t: i ’t e r v a i s  w h i c h  con ta in

95% of the population of baseline rea~ tiori— t1rn e S,.OXVCS. The 1 ’ s denote

exposure values , and the l’ s and d ’ s represer1~ I Y .  and second pon texpo sure

scores, respectively. Values above the upper ~o1ertiec e l imits incn cate

si gn i f i can t ly  longer reaction t i m e s  than could  be Sted e ted  f r u c  base l ine

reac t ion  scores.
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APPEND IX B

PICT OR iAL SH0 CK— P ERF0RM ~~CE SUMMARY

V Performance scores are presented at 20—minute intervals for eachbaseline, exposure, and postexposure rim. These rrans are separated by2—day intervals. The curves shown are least—square fits to the data aridare presented to indicate trends and model ~~anges, as well as to be ayardstick by which variability can be measured through the amount ofscatter about the curve. The behavior of most shock animals can bedescribed by a straight line—the slopes and intercepts of these curvescan be used in making daily comparisons.
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APPENDIX C

PICTORIAL FOOD—PERFORMANCE SUM t’iARY

Performance scores are presented at 20—minute intervals for each
baseline , exposure, and postexposure run. These runs are separated by
2—d ay intervals. The curves shown are least—square f i ts  to the data and
are presented in order to indicate trends and model changes , as well as
to be a yardstick by which var iabi l i ty changes can be measured through
the amount of scatter about the curve . These curves emphasize the lack
of a clear—cut performance strate~~-’ in food subjects, as well as their
low motivation to work this t:Is : L~~~~i :wiII~ any disruption , e.g., environ-
mental disturbance.
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PERFORNANCE AND REACTION—TIME DATA

Performa n c& ’ scores (percen t correct response and average reactioncime for a cor rect response) are given for each 20—minute interval. At
times 200, 380, and 560, blanks and stars represent rest periods ; else-
where they represent missing data or failure of the subject to respond
within 1 second.
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